REMARKS 

Enclosed herewith is a Substitute Specification in which 
the specification as filed has been amended in various places to 
correct typographical and grammatical errors, and also to add 
section headings. 

In support of the above, enclosed herewith is a copy of 
the specification as filed marked up with the above changes. 

The undersigned attorney asserts that no new matter has 
been incorporated into the Substitute Specification. 

The claims have been amended to more clearly define the 
invention as disclosed in the written description. In particular, 
the claims have been amended for clarity. 

Applicants believe that the above changes answer the 
Examiner's 35 U.S.C. 112, paragraph 2, rejection of the claims, and 
respectfully requests withdrawal thereof. 

The Examiner has rejected claim 8 under 35 U.S.C. 102(b) as 
being anticipated by Applicants' Admitted Prior Art (AAPA) , and 
under 35 U.S.C. 102(e) as being anticipated by U.S. Patent 
6,446,037 to Fielder et al. The Examiner has further rejected 
claims 1, 2, 4, 6 and 7 under 35 U.S.C. 103(a) as being 
unpatentable over AAPA in view of Fielder et al. 

AAPA (i.e., Fig. 1) discloses a prior art multi-channel 
audio signal processing device in which audio signals in the form 
of n frequency sub-band signals are applied to n synthesis filter 
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banks and then combined in a combination circuit C for forming a 
reproduction channel. 

Fielder et al . discloses, at col. 7, lines 28-34, an audio 
signal being decoded to form corresponding sub-band signals, and 
the sub-band signals being filtered by a synthesis filter bank to 
produce an output signal. 

Applicants submit that the synthesis filter bank in 
Fielder et al. is substantially similar to that disclosed in Fig. 
1, i.e., the sub-band signals in CHI are applied to a first 
synthesis filter bank SFB1, the sub-band signals in CH2 are applied 
to a second synthesis filter band SFB2, etc. 

In the subject invention, as claimed, the sub-band signals 
are first combined, and then the combination signals are subjected 
to synthesis filtering. As such, significantly fewer synthesis 
filter means are needed resulting in a significant reduction in 
cost . 

Applicants believe that the subject invention, as claimed, 
is neither anticipated nor rendered obvious by the prior art, 
either individually or collectively, and as such, is patentable 
thereover. 
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Applicants believe that this application, containing 
claims 1-8, is now in condition for allowance and such action is 
respectfully requested. 

Respectfully submitted, 




if Reg. 28, 613 

Attorney 

Tel.: 914-333-9611 

CERTIFICATE OF MAILING 

It is hereby certified that this correspondence is being 
deposited with the United States Postal Service as First-class mail 
in an envelope addressed to: 

COMMISSIONER OF PATENTS AND TRADEMARKS 
P.O. BOX 1450 
ALEXANDRIA, VA 22313-1450 

on Dec&frbe<i ? n^ooZ 

By (^/UJfr^jff^C^^ 
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MULTI-CHANNEL AUDIO SIGNAL PROCESSING DEVICE 

BACKGROUND OF THE INVENTION 
Field Of The Invention 

[0001] The invention relates to a multi-channel audio signal 
processing device provided including with signal supply means for 
5 supplying coded audio signals through several input channels^, and 
for each input channel^, through separate sub-channels which cover 
distinct frequency sub-band domains, and provided with including one 
or several synthesis or reconstruction filters (SFB) for decoding 
and synthesizing audio signals over the total frequency domain 
10 covered by the sub-band domains. 

Description Of The Related Art 

[0002] It is usualj. in this case^. to include filter means, such 
as main-related filters or sound sound- widening filter means of a 

15 different kind, downstream of the synthesis or reconstruction 
filters in the signal transport direction, i.e.^ after the 
reconstruction of the broadband audio signals. The same number of 
synthesis or reconstruction filters will then be present as there 
are input channels. The main-related filters or sound sound- 

20 widening filter means of a different kind, also referred to as 

"incredible sound filters (ISF)", are then constructed as broadband 
filters then . Instead of such "incredible sound filters", 
alternative filter means may be provided in the audio signal 
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processing device^ such as, for example, equalization or different 
tone control f ilters-7— ^.JThese, too, will be provided downstream of 
the synthesis or reconstruction filters. 

5 SUMMARY OF THE INVENTION 

[0003] The invention has for its object to simplify such an 
audio signal processing device without detracting from the quality 
of the sound reproduction. 

[0004] According to the invention, the multi-channel audio 

10 signal processing device as defined in the opening paragraph is 
characterized in that the device further comprises sub-band 
combination circuits arc present , each sub-band combination circuit 
being supplied with audio signals through respective input channels 
which lie in one and the same sub-band frequency domain, while the 

15 output signals of a sub-band combination circuit covering an 

associated frequency sub-domain are supplied to a synthesis filter. 
This means that only one synthesis or reconstruction filter is 
necessary for each sound reproduction channel, independently of the 
number of input channels. For example, if audio signals are offered 

20 to seven input channels, whereas the sound is reproduced through no 
more than two sound reproduction channels — e.g., as a result of 
virtual spatial widening—, only two synthesis or reconstruction 
filters are necessary^ instead of seven as required in the known 
audio signal processing devices. In a usual stereo sound 

25 reproduction, for example, only 2 or 2.1 synthesis or 



S:\GO\SL21GOC0.RED 



2 



1 » 



PHN 17,835 

reconstruction filters are necessary for 5.1 MPEG input channels . 
It is usual^ in audio signal processing devices, as noted above, to 
include filter means, such as main-related filters or cound sound- 
widening filter means of a different type, downstream of the 
5 synthesis or reconstruction filters as seen in the signal transport 
direction. It is also possible to provide, for example, 
equalization filters in this manner. 

[0005] According to the invention, however, it becomes possible 
to provide filtering means upstream of the synthesis filters as 
10 seen in the transport direction. These filter means may then be of 
a narrow-band type and may^ accordingly^ be of a simpler 
construction. 

[0006] It is thus possible for the filter means to be included 
in the connection between associated sub-band combination circuits 

15 and a synthesis filter. An equal filtering then takes place for all 
audio signals supplied through the input sub-channels covering the 
same frequency sub-domain, which results in an equal filtering of 
the audio signals supplied through the respective input channels. 
The filter means may comprise, for example, equalization or 

20 different tone control filters in a filtering mode as described 
above. 

[0007] It is also possible for the filter means to be included 
in the input sub-channels. The filter means may then be of a 
particularly simple cons t rue tiori7- 4. I t then becomes possible^ in 
25 particular^ to form the filter means by elements which introduce a 
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scale factor . Irrespective of the location where the filter means 
a^e-is__positioned, the filter means may^ in either case^ comprise 
narrow-band filters for obtaining a desired virtual spatial 
widening from which the audio signals can be heard through distinct 
5 reproduction channels. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0008] The invention will now be explained in more detail with 
reference to the accompanying drawings, in which: 
10 [0009] Fig, 1 shows an audio signal processing device according 
to the present state of the art; 

[0010] Fig. 2 shows a first embodiment of an audio signal 
processing device according to the invention, shown for only one 
sound reproduction channel; 
15 [0011] Fig. 3 shows a second embodiment of an audio signal 

processing device according to the invention, shown for only one 
sound reproduction channel; and 

[0012] Fig. 4 shows a third embodiment of an audio signal 
processing device according to the invention for 2.1 input 
20 channels, only one sound reproduction channel being depicted. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 
[0013] In the multi-channel audio signal processing device shown 
in Fig. 1, the input signals are derived from a frequency sub-band 
25 encoded storage medium, such as, for example, an optical disc or a 
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DCC (digital compact cassette) , or from a transmission system. The 
audio signals laid down on this medium or transmitted are 
distributed over separate channels, and are distributed within each 
channel over separate frequency sub-bands in accordance with known 
5 encoding techniques by means of analysis filter banks. See, for 
example, "Ken C. Pohlmann, Principals of Digital Audio, 3 rd ed., 
McGraw-Hill Inc., 1995V on this subject. The coded signals^, 
obtained from the storage medium or through transmission^ are 
supplied through channels CHI, CH2, — , CHn to synthesis filter 

10 banks SFB1, SFB2, , SFBn. The supplied signals are decoded by 

moans of these synthesis filter banks, and audio signals are 
obtained over the total frequency domain covered by the sub-band 
domains. These broadband audio signals are joined together^ via 
main-related filters ISF1, ISF2, ISFn, and ISF1 1 , ISF2 f , 

15 ISFnV by moans of combination circuits C and conducted to the 
sound reproduction means of the reproduction channels present, 
i.e. j_ in the embodiment shown^ to two stereo reproduction channels 
L and R. 

[0014] In the embodiment of the invention as shown in Fig. 2, 
20 the coded signals^, originating from the storage medium or obtained 
through transmission^, are supplied to sub-band combination circuits 

SBS1, SBS2, , SBSn through the channels CHI, CH2, — , CHn. The 

output signals of these sub-band combination circuits are supplied^, 
through respective equalization filters HI, H2, Hn^ to the 

25 synthesis filter SFB, and from there to the sound reproduction 
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means of a reproduction channel present . Although this is not shown 
in Fig. 2, said output signals may also be supplied to a further 
synthesis filter through equalization filters, and from there to 
the sound reproduction means of a further reproduction channel. 
5 [0° 15 ] In the embodiment of the invention as shown in Fig. 3, 
the coded signals^ originating from the storage medium or obtained 
through transmission^ are combined in accordance with frequency 
sub-bands through filters ISF11, ISF12, . .., ISFlk; ISF21, ISF22, 
, ISF2k; ; ISFnl, ISFn2, . .., ISFnk present in all sub- 

10 channels of the individual input channels, i.e.x. in accordance with 
ISF11, ISF21, ISFnl; ISF12, ISF22, ISFn2; ISFlk, 

ISF2k, ISFnk, by moans of respective sub-band combination 

circuits SBS1, SBS2, , SBSn, and supplied to a synthesis filter 

bank SFB. The supplied channels are coded by moans of this 

15 synthesis filter bank and audio signals are obtained^, again 

covering the total frequency domain corresponding to the sub-band 
domains. These audio signals are subsequently conducted to the 
sound reproduction means of a corresponding reproduction channel 
(L) . A stereo sound reproduction can be obtained in that the input 

20 signals of the audio signal processing device are also supplied to 
a second circuit identical to the one depicted in Fig. 3, and in 
that subsequently^ the audio signals obtained by means of this 
circuit are supplied to the sound reproduction means of a second 
reproduction channel R. If a sufficiently fine subdivision into 

25 frequency domains is achieved in this embodiment of the invention, 
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the filters ISF can be given a comparatively simple construction. 
It was found that the provision of no more than scale factors is 
suf f icient . 

[0016] In the embodiment shown in Fig. 4, the coded signals^. 
5 originating from the storage medium or obtained through 

transmission^ are supplied through 2.1 channels, i.e.j_ through 2 
channels covering the entire bandwidth and a so-called "low 
frequency enhancement (LFE) channel". The signals supplied through 
the two channels covering the full bandwidth are conducted through 

10 "incredible sound filters" ISF11, ISF12, ISFln, and ISF21, 

ISF22, ISF2n to the respective sub-band combination circuits 

SBS1, SBS2, SBSn, whereas the signals supplied through the LFE 

channel are only supplied to the sub-band combination circuits SBS1 
and SBS2 which cover the lowest frequency sub-band domains. The 

15 output signals of the sub-band combination circuits are again 

supplied to a synthesis filter SFB again . The output signals of 
this synthesis filter are subsequently passed on to the sound 
reproduction means of a corresponding reproduction channel (L) . It 
is true^_ againj. that a stereo sound reproduction can be obtained in 

20 that the input signals of the audio signal processing device are 
also supplied to a second circuit identical to the one depicted in 
Fig. 4, and in that subsequently^ the audio signals obtained by 
means of this circuit are supplied to the sound reproduction means 
of a second reproduction channel R. If a usual 5.1 channel 

25 arrangement is necessary in this case, three more channels are to 
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be added in this embodiment in a manner as shown in Fig. 3. Five 
virtual sound reproduction sources may then be created by means of 
two sound reproduction channels. 

[0017] It will be obvious from the above that any number of 
5 input channels required may be combined with any number of sound 
reproduction channels , which may or may not be virtual. Neither are 
the filter means limited to the "incredible sound filters" and 
equalization filters mentioned here; it is alternatively possible 
to construct the filter means as a volume control, especially in a 
10 configuration as shown in Fig. 2. The filter means, moreover, may 
be chosen to be fixed ones or adjustable ones. 
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ABSTRACT^ - OF THE DISCLOSURE 

An audio signal processing device comprises includes a 
signal supply moans to supply for supplying coded audio signal over 
5 more than one input channel and^_ per input channels over separate 
frequency sub-bands domain sub-channels coded audio signals . 

Further filters are used to decode and synthesize the 

audio signals over the total frequency domain. 

Sub-band combination circuits are used for supplying 

10 respective input channels to the same sub-band combination circuit 
the signals from the same sub-band frequency domain audio signals. 

Fig. 1 
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